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This invention concerns a process for the preparation 
of hydroxy ethers whereby an aromatic hydroxy 1-containing compound 
is reacted with a 1 , 2-epoxy-containing compound in the presence 
of a catalyst. The invention also concerns polyepoxide compo- 
sitions . 

It is well known in the art to produce hydroxyl-contain- 
ing ethers by reacting a vicinal epoxy-containing compound with 
a phenolic hydroxy 1-containing compound in the presence of such 
catalysts as tertiary amines, quaternary ammonium halides, and 
phosphonium halides and the like. 

The present invention provides a process for preparing 
a hydroxy ether by reacting an aromatic hydroxy-containing com- 
pound with a 1,2-epoxy-containing compound in presence of a 
catalyst characterized in that the catalyst employed is a phos- 
phonium salt having the formula 
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20 wherein each R is hydrogen, an aliphatic hydrocarbon radical 
containing from 1 to 20 carbon atoms, an aromatic hydrocarbon 
radical, an alkyl substituted aromatic hydrocarbon radical, or 
-R M Y wherein R" is an aliphatic hydrocarbon radical having from 
1 to 20 carbon atoms and Y is CI, Br, I, NO2, or OH; R' is an 

25 alkylene group having from 2 to 20 carbon atoms; X is the anion 
portion of an acid or acid ester selected from carboxylic, poly- 
carboxylic, carbonic, phosphoric, phosphonic, phosphinic, nitric, 
nitrous, sulfuric, sulfinic, sulfonic, silicic, and boric acids; 
and m is the valence of the anion X. 

30 This invention also relates to compositions comprising 

a polyepoxide and a phosphonium salt as defined above. 



14,803-F 



-1- 



893191 



The process of the present invention not only provides 
a novel catalyst system for promoting the reaction between a 
phenolic hydroxyl-containing compound and an epoxy-containing 
compound, but provides certain valuable improvements in the pro- 
5 ducts produced by employing such catalyst systems. Among the im- 
provements provided by this invention are less color in the product, 
and in the instance of those catalysts containing no halogen 
substituents, improved electrical properties can be achieved in 
the cured products. An additional and important advantage of the 
10 present process is observed when reacting a dihydric phenol such 
as a bisphenol or a dihydroxy benzene with a diepoxide to produce 
high molecular weight resins in that products obtained when the 
catalysts of the present invention are employed are much higher 
in molecular weight than the products produced when the phos- 
15 phonium halide catalysts of the known art are employed. 

The process of the invention involves the reaction of 
any epoxy compounds and any phenol to form a hydroxy ether 

OH 

r 

-c- 



20 
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The epoxy compounds used are those possessing at least one 1,2- 
epoxide group, i.e., a group having the formula 

They may be monoepoxides or polyepoxides . The monoepoxides may 
be aliphatic or cycloaliphatic or heterocyclic and may be saturated 
or unsaturated. They may also be substituted with aromatic rings, 
ether groups, halogen atoms, ester groups, and the like. Examples 
30 of the monoepoxides include, among others, styrene oxide, phenyl 
glycidyl ether, allyl glycidyl ether, octadecyl glycidyl ether, 
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amyl glycidyl ether, tolyl glycidyl ether, chlorophenyl giycidyl 
ether, naphthyl glycidyl ether, diacetate of monoglycidy 1 ether 
of glycerol, dipropionate of ^ the monoglycidy 1 ether of glycerol, 
diacrylate of the monoglycidy 1 ether of glycerol, 1,2-hexylene 
5 oxide, ethylene oxide, propylene oxide, 1-heptylene oxide, 3- 

ethyl-l,2-pentylene oxide, glycidyl acetate, glycidyl benzoate, 
glycidyl propionate, glycidyl acrylate, glycidyl allyl phthalate, 
glycidyl methyl maleate, glycidyl stearate, glycidyloleate, methyl 
1,2-epoxypropionate, butyl 1, 2-epoxypropionate , and the like. 

XO Preferred monoepoxides to be used include the mono- 

epoxy-substituted hydrocarbons, such as, for example, the alkylene 
oxides containing up to 12 carbon atoms, the epoxy-substituted 
hydrocarbons, such as, for example, epoxy cyclohexane, or epoxy - 
propylbenzene; the monoepoxy substituted alkyl ethers of hydro- 

15 carbon monbhydric alcohols or phenols, such as, for example, the 
glycidyl ethers of aliphatic, cycloaliphatic or aromatic hydro- 
carbon alcohols containing up to 12 carbon atoms; the mono-epoxy- 
substituted alkyl esters of hydrocarbon monocarboxylic acids, such 
as, for example, the glycidyl esters of aliphatic, cycloaliphatic 

20 or aromatic hydrocarbon acids, as glycidyl acrylate, glycidyl 

caprolate, and glycidyl benzoate; the monoepoxy- substituted alkyl 
esters of hydrocarbon polycarboxylic acids wherein the other car- 
boxy 1 group or groups are esterified with alkanols, such as, for 
example, glycidyl esters of phthalic acid, maleic acid, iso- 

25 phthalic acid, or succinic acid; wherein each contains up to 15 

carbon atoms; alkyl and alkenyl esters of epoxy-substituted mono- 
carboxylic acids, such as esters of 1 ,2-epoxy-propionic acid, 
epoxy butyric acid or epoxy pentanoic acid; and epoxyalkyl ethers 
of polyhydric alcohols wherein the other OH groups are esterified 

30 or etherified with hydrocarbon acids or alcohols, such as, for 

example, monoglycidy 1 ethers of aliphatic, cycloaliphatic polyhydric 
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alcohols, or polyhydric phenols, each containing no more than 15 
carbon atoms . 

Other monoepoxides are those of the formula 
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wherein R 2 is hydrogen, a hydrocarbon or halogenated hydrocarbon 
radical and R3 is a bivalent hydrocarbon or halogenated bivalent 
hydrocarbon radical, preferably containing 1 to 12 carbon atoms. 

The polyepoxides used in the process of the invention 
may be saturated or unsaturated, aliphatic, cycloaliphatic , 
aromatic, or heterocyclic and may be substituted if desired with 
non- interfering subs tituents , such as halogen atoms, phosphorus 
atoms, hydroxyl groups, or ether radicals. They may also be 
monomeric or polymeric. 

Examples include the glycidyl ethers of novolac resins, 
i.e., phenol-aldehyde condensates. Preferred resins of this type 
are those of the formula: 




-in 



wherein R is hydrogen or an alkyl radical and n is an integer of 
1 to about 10. 
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The preferred polyepoxides are those represented by 
the general formula: 



CH 2 -CH 



- CH 2 " °-<^^ ~ AH \^^ ' °~ CH 2 - CH- CH 2 



wherein each is hydrogen, bromine, or chlorine and wherein A 
is an alkylene or alkylidine group having from 1 to 4 carbon 
atoms , 

10 0 0 0 

ti if M 

-S-, -S-S-, -S-, -S-, -C-, and -0-. 



Other examples include the epoxidized esters of the 

15 polyethylenically unsaturated monocarboxylic acids, such as 

epoxidized linseed, soybean, perilla, oiticica, tung, walnut or 
dehydrated castor oil, methyl linoleate, butyl linoleate, ethyl 
9,12-octadecandienoate, butyl 9 , 12, 15-octadecatrienoate, butyl 
oleostearate, mono or diglycerides of tung oil, fatty acids, 

20 monoglycerides of soybean oil, sunflower, rapeseed, hempseed, 
sardine, or cottonseed oil. 

Another group of the epoxy- containing materials that 
may be used in the process of the invention includes the epoxidized 
esters of unsaturated monohydric alcohols and polycarboxylic 

25 acids, such as, for example, diglycidyl phthalate, diglycidyl 

adipate, diglycidyl isophthalate , di(2, 3-epoxybutyl) adipate, di- 
(2, 3-epoxybutyl) oxalate, di(2 , 3-epoxyhexyl) succinate, di(3, 4- 
epoxybutyl) maleate, di(2 , 3-epoxyoctyl) pimelate, di(2 , 3-epoxy- 
butyl) phthalate, di(2, 3-epoxyoctyl) tetrahydrophthalate, di(4,5- 

30 epoxydodecyl) maleate, di (2 , 3-epoxybutyl) terephthalate , di(2,3~ 
epoxypentyl) thiodipropionate , di(5 , 6-epoxy tetradecyl) diphenyl- 
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dicarboxylate, di(3,4-epoxyheptyl) sulfonylidibutyrate, tri(2, 3 _ 
epoxybutyl) 1 , 2 ,4-butanetricarboxylate , di (5 , 6-e P oxy P entadecyi) 
tartarate, di(4, 5-epoxytetradecyl) maleate, di(2 , 3-epoxybutyl) 
azelate, di(3,4-epoxybutyl) citrate, di(5,6-epoxyoctyl) cyclo- 
hexane-l,3-dicarboxylate, di(4,5-epoxyoct a decyl) malonate. 

Another group of the epoxy-containing materials includoa 
those epoxidized esters of unsaturated alcohols and unsaturated 
carboxylic acids, such as glycidyl glycidate; 2 , 3-epoxybutyl 3,4- I 
epoxypentanoate; or 3,4-epoxyhexyl 3,4-epoxypentanoate. 

Still another group of the epoxy-containing materials 
includes epoxidized derivatives of polyethylenically unsaturated 
polycarboxylic acids, such as, for example, dimethyl 8,9,12,13- 
diepoxyeiconsanedioate; dibutyl 7,8, 11, 12-diepoxyoctadecanedioate; 
dioctyl 10,ll-diethyl-8,9,12,13-die P oxyeicosanedioate; dihexyl 
6,7,10,11-diepoxyhexadecanedioate; didecyl 9-epoxyethyl-10, 11- 
epoxyoctadecanedioate; dibutyl 3-butyl-3,4, 5, 6-diepoxycyclohexane- 
1,2-dicarboxylate; dicyclohexyl 3,4,5,6-diepoxycyclohexane-l,2- 
dicarboxylate; dibenzyl l,2,4,5-diepoxycyclohexane-l,2-dicarboxy- 
late; or diethyl 5, 6 , 10, 11-diepoxyoctadecyl succinate. 

Still another group comprises the epoxidized polyethyl- 
enically unsaturated hydrocarbons, such as epoxidized 2,2-bis(2- 
cyclohexenyl)propane, epoxidized vinyl cyclohexene or epoxidized 
dimer of cyclopentadiene. 

The phenols used in the process of the invention are 
those compounds possessing at least one OH group attached to an 
aromatic nucleus. The phenols may be monohydric or polyhydric 
and may be substituted with a great variety of different types of 
substituents. Examples of the phenols include among others, 
phenol, resorcinol, o-cresol, m-cresol, p-cresol, carvacrol, 
thymol, chlorophenol, nitrophenol, dinitrophenol, picric acid, 
pyrocatechol, hydroquinone, pyrogallol, hydroxyhydroquinone, 



14,803-F 



-6- 



893191 



phloroglucinol , 2 , 2-bis (4-hydroxyphenyl)propane , 2 , 2-bis (4- 
hydroxyphenyl)pentane, 2 , 2-bis (4-hydroxyphenyl )phlorcglucinol , 
bis(4-hydroxyphenyl)methane, 2-methoxyphenol , 2 ,4-dibutoxyphenol , 
2,5-dichlorophenol, 3-acetoxyphenol, 2 , 2-bis ( 3-ally 1-4-hydroxy- 
phenyDpropane , 2 , 2-bis (3- isobuty 1-4-hydroxypheny l)pentane , 1,1,2, 
tetrakis(4-hydroxyphenyl)ethane, 1 , 1 ,4,4- tetrakis (4-hydroxyphenyl) 
pentane, and polymeric type polyhydric phenols obtained by con- 
densing monohydric or polyhydric phenols with formaldehyde, as 
well as phenols of the formulae 




893191 

o o 

ho 7 h° " ( cH2 ) 5 " ° " h " oh 

5 H0-^^-CH 2 CH»CHCH2^^-0H 

HO -<^ r ^) - CH 2 - CSC- CH 2 -^ r ^> - OH 
H 

10 H0-^^-CH2-N-CH2H^^>-0H 

Preferred phenols to be used are the polyhydric phenols 
containing from 2 to 6 OH groups and up to 30 carbon atoms. 
Coming under special consideration are the phenols of the formula 

15 

H0-O>-X'-^>-0H 
R 4 R4 *4 *4 

wherein X 1 is a polyvalent element or radical and each R 4 is a 
20 member of the group consisting of hydrogen, halogen and hydro- 
carbon radicals. The preferred elements or radicals represented 
by X* are oxygen, sulfur, -SO-, -S0 2 -, bivalent hydrocarbon 
radicals containing up to 10 carbon atoms, and oxygen, sulfur and 
nitrogen-containing hydrocarbon radicals, such as -OR5O-, -OR5OR5O-, 
25 -S-R 5 -S-, -S-R 5 -S-R 5 -S, -OSiO-, -OSiOSiO-, 
0 0 0 0 0 0 

it u ft n 11 11 

-O-CR5-C-O-, -C-O-R5-O-C-, -S-R5-S-, -S0 2 -R5-S0 2 - radicals wherein 
R5 is a bivalent hydrocarbon radical. 

Having regard to availability and economy it is most 
30 preferred that the aromatic hydroxy- containing compound is a 
bisphenol having the formula 
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5 wherein each R^ is hydrogen , chlorine, or bromine, and A is an 
alkylene or alkylidene group having from 1 to 4 carbon atoms, 
-S-, -S-S-, -SO-, -S0 2 -, -CO-, or -0-. 

One group of catalysts employed in this invention are 
the phosphonium salts wherein the anion X is 
10 0 

_ n _ 

O-N-0 or 0-N=0 
Suitable such phosphonium salts of a nitrogen-containing 
acid include, for example, ethyl triphenylphosphonium nitrate, 
and ethyltriphenylphosphonium nitrite. 
15 Another group of catalysts employed in the present 

invention are the phosphonium salts wherein the anion X is 
0 0 0 

1! _ ft M 

0-P - 0 Rn, O-P-O R^ and 0-P-R 
0 Rj^ R R 

20 

wherein each R is as defined hereinbefore and wherein each n is 
zero or 1. 

Suitable such phosphonium salts include, for example, 
ethyltriphenylphosphonium diethyl phosphate, di(ethyltriphenyl- 
25 phosphonium) ethyl phosphate, tri(ethyltriphenylphosphonium) 

phosphate, methyltriphenylphosphonium dimethyl phosphate, methyl- 
trioctylphosphonium dimethylphosphate, methyltriphenylphosphonium 
methyl methylphosphonate , and ethyltriphenylphosphonium diphenyl- 
phosphinate. 

30 Another group of catalysts employed in the present 

invention are the phosphonium salts wherein the anion X is 
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tl II " 

0-S-R, 0-S-R, 0 - S - 0 R n 

ii „. ■'■ 

0 o 

wherein each R is as defined hereinbefore and wherein n has a 
5 value of zero or 1. 

Suitable such phosphonium salts include, for example, 
ethyltriphenylphosphonium ethyl sulfate, and di(ethyltriphenyl- 
phosphonium) sulfate . 

Another group of catalysts employed in the present in- 
10 vention are the phosphonium salts wherein the anion X is 

ORn 

~0 - Si - 0R n 
°*n 

15 wherein each R is as defined hereinbefore and each n is 0 or 1. 

Suitable such phosphonium salts include, for example, 
ethyltriphenylphosphonium triethyl silicate, di (ethyltriphenyl- 
phosphonium) diethyl silicate, tri (ethyltriphenylphosphonium) 
ethyl silicate, and tetra (ethyltriphenylphosphonium) silicate. 

20 Another group of catalysts employed in the present in- 

vention are the phosphonium salts wherein the anion X is 

"o - B - 0R n 
0R n 

25 

wherein each R is as defined hereinbefore and n is 0 or 1. 

Suitable such phosphonium salts include, for example, 
ethyltriphenylphosphonium diethyl borate, methyltriphenylphos- 
phonium dimethyl borate, di (ethyltriphenylphosphonium) ethyl 
30 borate, tri (ethyltriphenylphosphonium) borate, and propyltriphenyl- 
phosphonium dipropyl borate. 
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Another group of catalysts employed in the present 
invention are the phosphonium salts wherein the anion X 1 is 

0 0-00 

M If M " 

-0 - C - ORn, "0 - C - R, ~0 - C - R-RC - OH, or 

0 0 
it n 

"0-C-Zn-C- 0R n wherein each R is as defined hereinbefore, 
Z is a bivalent aliphatic hydrocarbon radical containing from 1 
to 20 carbon atoms, and each n has a value equal to zero or 1. 
10 Suitable such phosphonium salts include, for example, 

ethyltriphenylphosphonium acetate, di(ethyltriphenylphosphonium) 
carbonate, ethyltriphenylphosphonium ethyl carbonate, ethyltri- 
phenylphosphonium ethyl oxalate, and di (ethyltriphenylphosphonium) 
oxalate. 

15 in some instances, the phosphonium salts of a carboxylic 

acid employed as catalysts herein may contain some acid-salt 
complex without significantly adversely affecting the catalytic 
activity of the catalyst. In these instances, the anion X may 
be represented by the general formula 



20 



0 
tt 



-0-C-R-RC00H 



wherein R is as defined hereinbefore. 

The phosphonium catalysts employed in the present in- 
25 vention are commercially available compounds and general procedures 
and references for their preparation are given in Or^ano Phosphorus 
Compounds , by G. M. Kosolapoff, John Wiley & Sons, 1958. 

The internal phosphonium salts known as phosphobetaines 
may be prepared by the procedure outlined in the Journal of 
30 Organic Chemistry , Volume 27, pages 3403-3408, published in 1962. 
Suitable such phosphobetaines include, for example, triphenyl- 
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propiophosphobetaine , and triphenylbutyrophosphobetaine . 

The general reaction conditions employed in the 
process of the present invention for reacting the epoxide with 

•4 ■ - i. 

the phenol in the presence of a catalyst are well known and in- 
5 elude temperatures in the range of from 50° to 300 °C under a 

pressure of from atmospheric to 150 psi (10.5 kg./cm.^) gauge. 

The amount of the epoxide and the phenol to be employed 
in the process may vary over a wide range depending upon the type 
of reactants and the type of product to be desired. 
10 Superior results of the new process are obtained when 

the higher molecular weight resins are prepared and in this case 
the ratios of reactants are varied depending upon the molecular 
weight desired and upon the type of end groups, i.e., whether 
the product is to be terminated with an epoxide or with a phenol. 
15 These high molecular weight resins are particularly useful as 
industrial coatings and primers. 

The amount of the phosphonium catalyst employed in the 
process of this invention will vary over a wide range. In general, 
amount of catalyst will vary from 0.001% to 10% by weight, and 
20 preferably from 0.057o to 5%. by weight of the reactants. 

The reaction may be conducted in the presence or absence 
of solvents or diluents. In most cases, the reactants will be 
liquid and the reaction may be easily effected without the 
addition of solvents or diluents. However, in some cases, where 
25 either or both reactants are solids or viscous liquids it may be 
desirable to add diluents to assist in effecting the reaction. 
Examples of such materials include the inert liquids, e.g. ketones, 
inert hydrocarbons as xylene, toluene, and cyclohexane. 

If solvents are employed in the reaction and the re- 
30 suiting product is to be used for coating purposes, the solvent 
may be retained in the reaction mixture. Otherwise, the solvent 
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can be removed by any suitable method such as by distillation. 
Unlike inorganic bases or amines, it is not necessary to remove 
the phosphonium catalysts from the reaction mixture prior to 
curing of the resin produced thereby. 

The products obtained according to the above process 
of reacting an epoxide with a phenol in the presence of the de- 
fined phosphonium catalysts are hydroxy ether compounds. Their 
physical characteristics will depend upon the reactants and pro- 
portions employed. In general, the products will vary from liquids 
to solids, and in the case of the high molecular weight resins 
will vary from viscous liquids to hard solids. The products will 
possess at an aliphatic OH group formed by each reaction of an 
epoxide and a phenolic OH group, and can be further reacted 
through this group if desired. The polyfunctional reactants will 
15 also give products terminated in phenolic OH groups and/or epoxy 
groups, and these will be available for further reaction. 

A group of products which are particularly outstanding 
are those resins and polymers obtained by the reaction, in the 
presence of the catalysts herein defined, of the polyepoxides and 
20 polyhydric phenols in controlled proportions. Those which use an 
excess of the polyepoxide will be terminated in epoxy groups and 
can be used as polyepoxides in known reactions. The high molecu- 
lar weight polyepoxides are particularly useful in preparing 
surface coatings, adhesive, laminates, filament windings, coatings 
25 for highways and airfields, structural applications, formation 

of foams and the like. Those prepared from the halogenated poly- 
hydric phenols as shown hereinafter are particularly useful as 
flame proofing resins for forming laminates, coatings and the like. 

Precatalyzed epoxy resin compositions are of particular 
commercial interest. These precatalyzed systems are employed to 
prepare epoxy resins of higher molecular weight from low molecular 



30 
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weight resins by «a„ sp0 r tl „ s epoxy rKln ^ 
ins . c«,l yst for pr _ tl „ g che re , ceion a 
epoxi d e group md . h> , d - roxn . concal „ in8 ^ 

"here such P r.c.t.l y sed o„„ poslt io„ s are reacted „i eh . c 
3 hauin 8 .b out 2 hydrosyl 8 „ ups ^ ^^^^ ^ J* " J~ 

T" - " 0l " CUl " "* l8ht - e»Plo y e d in the ptoc " 

of this invents „ e partlcul „ ly sulMd ^ this P»~- 

invention. 1 " f ° 1W ° 8 *" aPl " — °* present 

10 EXAMPLE 1 

To a reaction vessel e q ui PP ed „ ith . m „„ s f<jr 

h h ™ S : *" di8lycldyl " h " ° f nioi«e dlph l ol 

Msphenoi A). bavin, „ . po xide equlvalept welght J 
169.0 8 ra„ of 4.4'-lso P ro Py li dl „, diphenol (blsph .„ ol 
Sr^s or th e hydro l y sed prod _ of ^ ^ ethM ' • 

l.o^vUdine di.beno!. .„„ 0 . 606 grama rf . ' 
Phonic di eth„l phosphate dlssolved mechmoi 

150 C, Che nesting „.s discontinues. The exoth.™ ,. 

. exotherm P esked st about 

"o C. After the exotherm hsd subsided rh. ,. 

tains- at loCC for .5 hours. Pe " tU " ~ " ln - 

a Oard "T Pr< "" 1 " * f "" 8lbU S<>1 " "** »- 

Oardner color of 1 and contained 2.71% epoxide 

EXAMPLE 2 

l IT V " ™«" 1 «'°«nphos P honi uo di™rb y l pho s ph ate 
was employed as the catalyst. 

The exotherm peak occurred at 240 "C. 

color r ^ Pr ° dUCt 3 fran8iblS S01 " had a Gardner 

color of 1 and contained 2.00% epoxide. 

803-F 
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EXAMPLE 3 

The reaction of Example I was repeated except that 
0.475 grams of ethyltriphenylphosphonium acetate, acetic acid 
complex dissolved in methanol was employed as the catalyst. 
The peak exotherm occurred at about 240°C. 
The product was a frangible solid which had a Gardner 
color of 1 and contained 2.35% epoxide. 
EXAMPLE 4 

The procedure of Example 1 was followed employing the 
following charge to the reaction vessel. 

377.4 grams of the diglycidyl ether of 
bisphenol A having an EEW of 187, 

5.7 grams of the hydrolysis product of 
the diglycidyl ether of bisphenol A, 

116.9 grams of bisphenol A 

15 0.694 gram ethyl triphenylphosphonium diethyl 

phosphate dissolved in methanol 

The exotherm peak occurred at about 230 °C, after which 
the resin was heated at 160 °C for about 4 hours. 

The product was a frangible solid which had a Gardner 
color of 1 and contained 8.24% epoxide. 

20 

EXAMPLE 5 

Same procedure as in Example 4 except that the catalyst 
employed was 0.703 gram of ethyltriphenylphosphonium acetate, 
acetic acid complex dissolved in methanol. 
25 The peak exotherm was about 230°C. 

The product was a frangible solid which had a Gardner 
color of 1 and contained 8.15% epoxide. 
EXAMPLE 6 

Same procedure as in Example 4 except that 0.703 gram 
30 methyltrioctylphosphonium dimethyl phosphate, dissolved in methano 
was employed as catalyst. The exotherm peak was about 230°C. 
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The product was a frangible solid which had a Gardner 

color of 2 and contained 7.62% epoxide. 

-* - 

EXAMPLE 7 

The procedure of Example 1 was followed employing the 
5 following charge to the reaction vessel. 

346.3 grams of the diglycidyl ether of 
bisphenol A having an EEW of 187. 

148.4 grams bisphenol A 

5.3 grams of the hydrolysis product of 
the diglycidyl ether of bisphenol A 

10 0*352 gram of ethyltriphenylphosphonium diethyl 

phosphate dissolved in methanol 

The exotherm peak was about 245 °C and the resin was 
heated at 170°C for about 4 hours. 

The product was a frangible solid which had a Gardner 
color of 1 and contained 4.397* epoxide. 

15 

EXAMPLE 8 

The procedure of Example 1 was followed employing the 

following charge to the reaction vessel. 

320.2 grams of the diglycidyl ether of 
bisphenol A having an EEW of 187. 

20 

175.0 grams bisphenol A. 

4.8 grams of the hydrolysis product of 
the diglycidyl ether of bisphenol A. 

0.650 gram methyltrioctylphosphonium dimethyl 
phosphate. 

The product was a frangible solid which had a Gardner 

25 

color of 1 and contained Q.997o epoxide. 
EXAMPLE 9 

The reaction of Example 1 was repeated, except that the 

following charge was employed. 

30 324.0 g. of the diglycidyl ether of 

bisphenol A having an EEW of 188, 

14,803-F -16- 
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171.0 g. of bisphenol A 

4.9 g. of the hydrolysis product of the 
diglycidyl ether of bisphenol A 

0.48 g. ethyltriphenylphosphonium diphenyl- 
phosphinate dissolved in .methanol 

5 The peak exotherm was 225°C, after which the resin was 

heated at 180°C for 5 hours. The product was a frangible solid 

having an EEW of 2310. 

EXAMPLE 10 

The reaction of Example 1 was repeated, except that the 
10 following charge was employed. 

324.0 g. of the diglycidyl ether of 

bisphenol A having an EEW of 188 

171.0 g. of bisphenol A 

4.9 g. of the hydrolysis product of the 
diglycidyl ether of bisphenol A 

15 0.375 g. of methyltriphenylphosphonium methyl 

methylphosphonate dissolved in methanol 

The exotherm peak was 211°C, after which the resin was 

heated at 180°C for 5 hours. The product was a frangible solid 

having an EEW of 2415. 

20 EXAMPLE 11 

The reaction of Example 1 was repeated, except that 
the following charge was used. 

316.8 g. of the diglycidyl ether of 
bisphenol A, EEW - 188 

178.4 g. of bisphenol A 

25 

4.8 g. of the hydrolysis product of the 
diglycidyl ether of bisphenol A 

0.475 g. of triphenylpropiophosphobetaine 

The peak exotherm was 245°C, after which the resin was 

heated at 180°C for five hours. The resultant product was a 

30 frangible solid having an EEW of 3160. 
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Some of the foregoing examples employed small quantities 
of the hydrolyzed product of a liquid epoxide resin. This 
material is employed to improve the pigment dispersion character- 
istics of the resultant higher molecular weight resin being pre- 
pared. The presence of such hydrolyzed resins is not essential 
to the process of the present invention as is demonstrated in the 
following example. 
EXAMPLE 12 

A. To a reaction vessel equipped with a means for 
stirring, temperature control and indication, and nitrogen purge 
was charged 375.3 g. of the diglycidyl ether of bisphenol A 
having an epoxide equivalent weight (EEW) of 183, 124.7 g. of 
bisphenol A, and 0.456 g. of ethyltriphenylphosphonium diethyl 
phosphate dissolved in methanol. The reaction mass was heated at 
the rate of 5°C/minute. At a temperature of 130 °C, an exotherm 
began and when the temperature reached 150 °C, the heating was 
discontinued. The exotherm peak was 228 °C. After the exotherm 
subsided, the temperature was maintained at 160°C for 4 hours. 
The resultant product was a frangible solid having an EEW of 548. 

B. The method of the above example was repeated except 

that the following charge was employed. 

371.8 g. of the diglycidyl ether of 
bisphenol A (EEW- = 183) 

5.6 g. hydrolysis product of the 

diglycidyl ether of bisphenol A 

122.6 g. of bisphenol A 

0.456 g. ethyltriphenylphosphonium diethyl 
phosphate dissolved in methanol 

After an exotherm peak of 226 °C, the resin was heated 

at 160°C for 4 hours. The product was a frangible solid having 

an EEW of 547. 
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EXAMPLE 13 

To a reaction vessel equipped with a means for stirring, 
temperature indication and control, water jacketed condenser 
and nitrogen purge was charged 322.0 g. of the diglycidyl ether 
5 of bisphenol A having an epoxide equivalent weight (EEW) of 183, 
178.0 g. of 2,6 , 2 1 ,6 1 -tetrabromo-4 ,4 1 -isopropylidinediphenol 
(tetrabromobisphenol A), and 0.77 g. of a 25% methanol solution 
of ethyltriphenylphosphonium diethyl phosphate (0.192 g. of actual 
catalyst.). The reaction mass was heated at a rate of 5°C/minute 

10 to 150°C. After two hours, the temperature was reduced to 100°C, 
125 grams acetone was added slowly through the condenser, and the 
mixture was stirred until a uniform solution was obtained. The 
resultant product was a viscous liquid having an EEW of 470 and 
a viscosity of 925 centipoise at 25°C. 

15 EXAMPLE 14 

The procedure of Example 13 above was followed employing 

the following charge to the reaction vessel. 

256 g. of diglycidyl ether of bisphenol 
A (EEW - 183) 

64 g. of glycidyl ether of a novolac resin, 
20 (EEW - 178), i.e. and a functionality of 

3.5, phenol -formaldehyde condensate. 

180.0 g. 2,6,2' ,6 ! -tetrabromo-4, 4'- 
isopropy lidinediphenol . 

0.64 g. of a 25% methanol solution of ethyl- 
triphenylphosphonium diethyl phosphate 
(0.16 g. of actual catalyst) 

25 After 2 hours at 150°C, the mixture was cooled to 100 °C, 

and 125g. acetone was added slowly through the condenser with 
thorough agitation until homogeneity was achieved. The resultant 
product was a viscous liquid having an EEW of 463 and a viscosity 
of 1160 centipoise at 25 °C. 

30 EXAMPLE 15 

The process of the present invention is particularly 
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useful in the preparation of higher molecular weight solid epoxy 
resins from lower molecular weight liquid epoxy resins by the 
pre-catalyzed method. In this method, the liquid epoxide resin 
is blended with the catalyst and oftentimes it is stored in ware- 
5 houses where high temperatures are encountered for prolonged 

periods of time before being reacted with the diphenolic compound. 
The following two experiments demonstrate that a less colored 
product .is obtained when the catalysts of the present invention 
are employed as compared to the phosphonium catalysts of the prior 
10 art. 

A. A mixture containing 326.0 grams of the diglycidyl 
ether of bisphenol A having an EEW of 188, 4,8 grams of the 
hydrolysis product of the diglycidyl ether of bisphenol A, and 
0.398 grams ethyltriphenylphosphonium diethyl phosphate was heat 

15 aged in an oven at 80°C for 7 days, after which time the resin 

was reacted with 169.0 grams of bisphenol A employing the proce- 
dure of Example 1. The peak exotherm was 242 °C. The resultant 
product had an EEW of 2070 and a Gardner color of 1. 

B. Comparative experiment 

20 A mixture containing 319.0 grams of the diglycidyl ether 

of bisphenol A having an EEW of 191, 4.8 grams of the hydrolysis 
product of the diglycidyl ether of bisphenol A and 0.972 grams of 
ethyltriphenylphosphonium iodide was heat aged in an oven at 80 °C 
for 6 days, after which time the resin was reacted with 163.9 

25 grams of bisphenol A employing the procedure of Example 1. The 
peak exotherm was about 235 °C. The resultant product had an EEW 
of 2100 and a Gardner color of 4. 

The above example clearly demonstrates the improved 
color of polyepoxides prepared from precatalyzed epoxy resin 

30 systems containing the catalysts of the present invention over 
those of the prior art* 
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EXAMPLE 16 

The following example demonstrates the undesirable 
color formation when employing amine catalysts. 

A. Comparative Example 

5 Employing the procedure of Example 1, 374.9 grams of 

the diglycidyl ether of bisphenol A having an EEW of 189 was 
reacted with 119.5 grams of bisphenol A in the presence of 0.684 
gram of benzyltrimethylammonium chloride (7.6 grams of a 10% 
methanol solution). After the exotherm, the reaction was main- 
10 tained at 160°C for 4 hours. The product was a frangible solid 
which had a softening point of about 77 °C, a Gardner color of 4 
and a % epoxide of 7.85. 

B. Comparative Example 

The reactants and procedures of A above was conducted 
15 in the presence of 0.375 grams of N-methylmorpholine as catalyst. 
The product was a frangible solid which had a melting point of 
about 78.5°C, a Gardner color of 3 and a % epoxide of 7.787*. 
EXAMPLE 17 

The following experiments demonstrate that higher 
20 molecular weight resins can be prepared when a catalyst of the 
present invention is employed as compared to a phosphonium 
halide catalyst. 

A. A high molecular weight thermoplastic polymer was 
prepared according to the process of this invention by charging 
25 239.7 grams of a diglycidyl ether of bisphenol A having an 

epoxide equivalent weight of 170.6 and 160.3 grams of recrystal- 
lized bisphenol A to a reaction vessel equipped as in Example 1. 
To this mixture, 71.0 grams of the monoethylether of ethylene- 
glycol was added as a diluent in order to facilitate stirring. 
30 After adding 0.959 grams of the acetic acid complex of ethyltri- 
phenylphosphonium acetate dissolved in methanol, the reaction 
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mixture was heated to 150 °C at a rate of 5°C per minute. The 
reaction mass exothermed to a peak of 184 °C. After the exotherm 
had subsided, the temperature was maintained at 140-150°C for 
about 2 hours. The heating was discontinued, and methylethyl 
5 ketone was added to the reaction mass until the non-volatiles 

content was 40% to facilitate handling. The resultant resin had 
a % epoxide of 0.15% and a peak molecular weight of the most 
abundant species of 16,000 as determined by gel permeation chroma- 
tography. 

10 B. Comparative Example « 

The procedure and charge of Example A above was employed 
except that the catalyst employed was 1.148 grams of ethyltri- 
phenylphosphonium iodide. The exotherm peak was 173 °C and the 
resin was heated for 4 hours before diluting to 407o non-volatiles 

15 with methylethyl ketone. The resultant resinous product had an 
epoxide content of 0.35% and a peak molecular weight of the most 
abundant species of 9,000. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY 
OR PRIVILEGE J.S CLAIMED ARE DEFINED AS FOLLOWS: 

1. A process for preparing a hydroxy ether by react- 
ing an aromatic hydroxy-containing compound with a 1,2-epoxy- 
containing compound in presence of a catalyst characterized in 
that the catalyst employed is a phosphonium salt having the 
formula 

R 0 



R 



R - P - R f - C - 0- or 



P - R 
i 

R 



10 wherein each R is hydrogen, an aliphatic hydrocarbon radical 
containing from 1 to 20 carbon atoms, an aromatic hydrocarbon 
radical, an alkyl substituted aromatic hydrocarbon radical, or 
-R"Y wherein R" is an aliphatic hydrocarbon radical having from 
1 to 20 carbon atoms and Y is CI, Br, I, N0£, or OH; R 1 is an 

15 alkylene group having from 2 to 20 carbon atoms; X is the anion 
portion of an acid or acid ester selected from carboxylic, poly- 
carboxylic, carbonic, phosphoric, phosphonic, phosphinic, nitric, 
nitrous, sulfuric, sulfinic, sulfonic, silicic, and boric acids; 
and m is the valence of the anion X. 

2. A process as defined in Claim 1 wherein the anion 

0 
11 

X is "0 - N * 0 or "0 - N 0 0. 

3. A process as defined in Claim 1 wherein the anion 

0 0 0 

it n ti 

X is -0 - P - OR^, -0 - P - ORn, or "0 - P - R 
0 - Rn R R 

5 wherein each R is as defined in Claim 1 and each n is 0 or 1. 
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4. A process as defined in Claim 1 wherein the anion 

0 0 0 

it »t m 

X is "0 - S - R, "Q. - S - R, or "0 - S - OR- 
(i »• 

0 0 
wherein R is as defined in Claim 1 and n is 0 or 1. 

5. A process as defined in Claim 1 wherein the anion 

X is "0 - Si - ORn wherein each R is as defined in Claim 

0R n ■■ " '. 

1 and each n is 0 or 1. 

6. A process as defined in Claim 1 wherein the anion 
S is "0 - B - ORn wherein each R is as defined in Claim 1 

0Rn 

and each n is 0 or 1. 

7. A process as defined in Claim 1 wherein the anion 




0 
it 



0 
ii 



0 

11 



0 

If 



S is "0 - C - R, "0 - C - OR^, 



"0 - C - Z n - C - ORn, 



0 
it 



0 
ii 



or r 0 - C - R • R - C - OH wherein each R is as defined 

in Claim 1, Z is a bivalent aliphatic hydrocarbon radical contain- 
ing from 1 to 20 carbon atoms or a bivalent aromatic hydrocarbon 
radical, and each n is 0 or 1. 

8* A process as defined in Claim 1 wherein each R is 
alkyl having from 1 to 8 carbon atoms or phenyl, R 1 is ethylene, 
and X is the anion portion of dimethyl or diethyl phosphate, 
dimethyl- or diphenyl-phosphinic acid, or acetic acid. 

9. A process as defined in Claim 1 wherein the 
catalyst is ethyltriphenylphosphonium diethyl phosphate, methyl- 
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trioctylphosphonium dimethyl phosphate, ethyltripheny lphosphonium 
acetate-acetic acid complex, ethyltriphenylphosphonium diphenyl- 
phosphinate, methyltripheny lphosphonium methyl methylphosphonate , 
or triphetiylpropiophosphobetaine. 

10 A process as defined in Claim 1 wherein the 1,2- 
epoxy-containing compound is a polyepoxide. 

11. A process as defined in Claim 10 wherein the poly- 
epoxide has the general formula 

CR 2 \k - CH 2 - 0 -<^>" A ^>- °- CH 2 " C ^- XcH 2 

Rl Ri 

wherein each R x is hydrogen, bromine, or chlorine, and A is an 
alkylene or alkylidene group having from 1 to 4 carbon atoms, 
-S-, -S-S-, -SO-, -S02-, -CO-, or -0-. 

12. A process as defined in Claim 1 wherein the 
aromatic hydroxy-containing compound is a bisphenol having the 
formula 

HO -^>- A -^>-0H 

Rl R l 

wherein each R x is hydrogen, bromine, or chlorine, and A is an 
alkylene or alkylidene group having from 1 to 4 carbon atoms, 
-S-, -S-S-, -SO-, -S0 2 -, -CO-, or -0- . 

13. A process as defined in Claim 1 wherein the 
reaction is carried out at a temperature within the range of 
from 50 to 300°C. under a pressure of from atmospheric to 150 
psi (10.5 kg. /em. 2 ) gauge. 
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14. A process as defined in Claim 1 wherein the 
catalyst is employed in an amount of from 0.001 to 10 weight per 
cent based on the weight of the reactants. 

15. A composition comprising a polyepoxide and a 
phosphonium salt having the formula 




R 
i 

p+ 

i 



0 

i r 

c - o- 



or 



R - P - R 
i 

R 



x -m 



wherein each R is hydrogen, an aliphatic hydrocarbon radical 
containing from 1 to 20 carbon atoms, an aromatic hydrocarbon 
radical, an alkyl substituted aromatic hydrocarbon radical, or 
-R"Y wherein R" is an aliphatic hydrocarbon radical having from 

10 1 to 20 carbon atoms and Y ic CI, Br, I, N0 2 , or OH; R' is an 

alkylene group having from 2 to 20 carbon atoms; X is the anion 
portion of an acid or acid ester selected from carboxylic, poly- 
carboxylic, carbonic, phosphoric, phosphonic, phosphinic, nitric, 
nitrous, sulfuric, sulfinic, sulfonic, silicic, and boric acids; 

15 and m is the valence of the anion X. 

16. A composition as defined in Claim 15 wherein each 
R is alkyl having from 1 to 8 carbon atoms or phenyl, R' is 
ethylene, and X is the anion portion of dimethyl or diethyl phos- 
phate, dimethyl- or diphenyl-phosphinic acid, or acetic acid. 

17. A composition as defined in Claim 15 wherein the 
phosphonium salt is ethyltriphenylphosphonium diethyl phosphate, 
methyltrioctylphosphonium dimethyl phosphate, ethyltriphenyl- 
phosphonium acetate-acetic acid complex, ethyltriphenylphosphonium 

5 diphenylphosphinate, methyltriphenylphosphonium methyl methyl- 
phosphonate, or triphenylpropiophosphobetaine. 
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18. A composition as defined in Claim 15 wherein 
the polyepoxide has the general formula 

A 



o Ri Ji °- 

Cl( -^CH - CH 2 - 0 A -<^>- 0-CH 2 - CH - CH 2 

R X R l 



wherein each is hydrogen, bromine, or chlorine, and A is an 
alkylene or alkylidene group having from 1 to 4 carbon atoms, 
. s . j -S-S-, -SO-, -S0 2 -, -CO-, or -0-. 
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